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J^ ■ The properties of the hght charged sleptons in e/je/j, JIrJIr and fifi production are studied 

ps| . within the mSUGRA scenario SPS la. Various method are presented to determine very 

precisely masses, angular distributions, spin and couplings as well as the fi polarisation 
and mixing parameter in the f sector. The analysis is based on a complete simulation of 

■^ . signal and background reactions assuming experimental conditions of the Tesla e^e~ 

^ \ Linear Collider. 

(D : 1 Introduction 



X 



This note describes, for a particular bench mark model, how masses and couplings of scalar lep- 
tons can be accurately measured at a future e+e~ linear collider Tesla yj. Beam conditions 
are chosen such as to stay below production thresholds of the heavier sleptons, the assumed 
luminosity corresponds to about one year of running at design parameters. Details of the exper- 
imental simulation, analysis and background information on kinematics and theory are given in 
sketchy form. 



Particle spectrum mSUGRA SPS la scenario ^ (parameters hiq = 100 GeV, mi/2 = 
250 GeV, Aq = —100 GeV, tan/5 = 10, sign/i+) shown in fig.H] Cascade decays of X2' xf 
lead to abundant r final states. 



Event generation Pythia 6.2 ||51 including beam polarisations Ve±, QED radiation, beam- 
strahlung a la CiRCE ||3|, r decays and r polarisation treated by Tauola [5j 

*Contribution to the Extended ECFA/DESY Study on Physics and Detectors for a Linear Electron-Positron 
Collider (2001 -2003) 

t email: martyn@mail.desy.de 



Operating conditions y/s = 400 GeV, beam polarisations Re- 
integrated luminosity C = 200 fb~^ 
=^ efficient suppression of SUSY (Di, ^2? Xi^) ^^^ SM background 



-0.80, Ve 



-0.60, 



Detector a la TDR iH) Simulation based on Simdet 4.02 H, acceptance 6 > 125 mrad, 

e, 7 veto 9 > 4.6 mrad 



Slepton production 
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Background production SUSY bkg e+e^ -^ crCl (75 fb), xlxl (20 fb), xtxt (5 fb) 
SM bkg ele-^ -^ W+W (1000 fb) {Bw^iu = 0.107], e+e" ^ £+£"(7) negligible 

77 bkg negligible cr(e+e~ — > e+e~r+r~) = 4.5 ■ 10^ fb, acceptance < fewlO"^ 



Slepton decays 
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Flat lepton energy spectrum with endpoints -5+/- related to slepton and neutralino masses 
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£~^£~ momentum correlations Q 

m^o known: energy-momentum conservation constrains 
construction of kinematically allowed minimum mass mjnin(^) 
sharp peak around true mass m^ 

rriyM and m^ known: reconstruct d direction 9 
two-fold ambiguity, false solution flat in cos 9 




2 Properties of smuons 



Selection criteria 
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jiRJiR at v^ = 400 GeV 
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Mass determination Spectra of the muon energy E^ and minimum mass mmin {P^r) are shown 
in fig.H The endpoint energies, E^ = 16.570 ± 0.040 GeV and E+ = 93.30 ± 0.22 GeV, give 
strongly correlated jlfj and Xi masses. The reconstructed masses from both methods agree well 
with the input values. 



method 



"^Ar 



GeV] m^o [GeV] 



Efj, spectrum 
m^iniP^R) spectrum 
SPS la input 



143.15 ±0.17 

142.98 ± 0.03 
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fixed 
96.0 



Spin J = of fiR The polar angle distribution of j^irJIr production is presented in fig. |3l 
After background subtraction on finds the typical cross section dependence 



da 



dcos^ 



as expected for a scalar particle. 



3 Properties of selectrons 
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Selection criteria 
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Mass determination Spectra of the electron energy Ee and minimum mass m^i^{eR) are 
showninfig.El The endpoint energies, E_ = 16.528±0.020 GeVandE+ = 93.34±0.11 GeV, 
give strongly correlated e/j and Xi masses. The reconstructed masses from both methods are in 
agreement with the input values. 



method 



mg^ [GeV] m^o [GeV] 



Ee spectrum 
"^min(eR) spectrum 
SPS la input 



142.99 ± 0.08 
142.97 ±0.02 
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Angular distribution of Sji The polar angle distribution of e/je^ production is presented 
in fig. 13 After background subtraction on finds the typical behaviour of t-channel neutralino 
exchange, given by the approximate matrix element 
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The differential cross section can be used to determine the Yukawa coupling Yg 
and the gaugino mass parameter Mi at the percent level. 



^Bee' ^"/ee 



Chiral quantum numbers A unique determination of the selectron L/R quantum numbers 
is offered by the reaction e^e~ -^ crCl, which proceed via pure t-channel x^ exchange. The 
'chiral flow' at the ex°e vertex associates the incoming electron/positron with its superpartner: 

Measuring the energy spectra of the decay 
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e and e"^ separately allows for a clear distinction between cr and cl- Moreover, by choosing 
appropriate beam polarisations, e.g. 'odd' combinations e^e]^ -^ (^l^r ^^ ^\^~l 



^R^~ 



L' 



one 



suppresses the s-channel 7, Z amplitudes of e/jC/j and other background and enhances the crCl 
production considerably, as illustrated in fig.|6land fig. IT] Contributions from eRCR are identical 
in both e^ spectra and can be readily subtracted since mg^ is known. A measurement of the e^ 



mass of mg^ = 202.1 ±0.5 GeV appears feasible. Similar studies are reported in (SI. 



4 Properties of staus 



Parameters L — R mixing in third generation, access to tan P and Ar ll9l fT0ll 
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Selection criteria 
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f^T^ at v^ = 400 GeV 
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Leptonic r decays not useful and discarded due to large WW background 
Analysed decay modes & branching ratios 

B{t -^ nur) = 0.111, B{t -^ pUr) = 0.254, B{t -^ SnUr) = 0.194 

mfi from r decays r ^ p Ut ^ tt^tt" z/,- and r ^ 3n v^ ^ n'^n'^n^ u^ + 7r''=7r''7r° 
Ep, E^TT sensitive to m^^ , almost independent of Vr 

Analysis of Ep and E^,, spectra, shown in fig. El assuming m^o known 
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m^ [GeV] 


E, 
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133.3 ±0.75 
133.2 ± 0.30 


mean 

SPS la input 


133.2 ± 0.30 
133.2 



Ot- from cross section A cross section measurement of cr^^^^ = 137.8 ± 2.2stat ± l-4sys fb 
(incl. ISR & BS) provides a f mixing angle of cos 2 6f = -0.84 ± 0.04, see fig.fTUI 



T polarisation 7^^ E^, from t ^> -n u^ and z.,, = E^/Ep from r -^ pu^. —^ Tm^u^ 
Et,, Zjt sensitive to V^, almost independent of m^^ 

r is self-analysing system - spin correlations 

T^ —^ Ti^u Vt = +1 VT^ emitted in forward direction i?^ y 

T^^Tr~v Vt = —I TT" emitted in backward direction E^, \ 

'^R ^^ Pl^ Pr = +1 dcr/d2^ oc (22^ " 1)^ asymmctric sharing ^^ ^ / 1 

T^ — > p^u Vt = —1 da/d^TT oc 22^(1 — ^^r) equal sharing 2;^ ^ 0.5 

Analysis of E^ and 2;^ spectra, shown in fig.|3 m^o assumed to be known 
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0.981 



A polarisation measurement of P^ = 100 ± 0.035 is not sensitive enough to determine tan/3 
in SPS la, where one has 5Vt/S tan p = 0.3% 



5 Summary 

Simulations of slepton production e"^e~ — > e/jC/j, JIrJIr, fifi in the SPS la mSUGRA sce- 
nario under realistic experimental conditions assuming ^/s = 400 GeV, C = 200 fb~^ and 
beam polarisations Ve- = +0.8, Ve+ = —0.6 are presented. The slepton and neutralino Xi 
masses as well as the polarisation Vf-^^Tx" ^^^ mixing parameter 9f of the third generation can 
be accurately determined with moderate integrated luminosity. Improvements on mg^ and m^-j^ 
are possible if 6m^o can be reduced, e.g. by studying neutralino production and decays. An 
alternative method to measure selectron and smuon masses via cross section threshold scans is 
discussed in ifTTl . Other estimates on SPS la sparticle masses can be found in [HI and IIT2II (not 
based on detailed simulations). 
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me« = 142.99 ± 0.08 GeV 


m^o = 96.05 ± 0.10 GeV 
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rrif,^ = 143.15 ± 0.17 GeV 


m^o = 96.10 ± 0.21 GeV 
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m^ = 133.2 ± 0.30 GeV 






cos2 0i. = -0.84 ±0.04 


V^ = 1.00 ± 0.035 
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Figure 1: Particle spectrum of mSUGRA benchmark scenario SPS la 
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Figure 2: Energy spectrum E^ of muons (left) and minimum mass mmmil^R) (right) from the 
reaction e^e 
C = 200 fb""^ 
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Figure 3: Polar angle distribution of /i/j with (left) and without (right) contribution of false 
solution in the reaction e'^e'^ ^^ P'rI^r ^ f^~^Xi f^~Xv mSUGRA model SPS la at y/s = 
400 GeV and £ = 200 fb"^ 
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Figure 4: Energy spectrum Ee of electrons (left) and minimum mass mmmieR) (right) from 
the reaction e^e^ ^ ^r^r ^ e+Xi e"Xi; mSUGRA model SPS la at ^ = 400 GeV and 
C = 200 fb^i 
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Figure 5: Polar angle distribution of cr with (left) and without (right) contribution of false 
solution in the reaction e^e^ —> e^e^ -^ e+x? e~Xi', mSUGRA model SPS la at y/s = 
400 GeV and £ = 200 fb"^ 
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Figure 6: e^ energy spectra from e+e -^ eRCR + crCl production with polarisations Ve 
+0.8, Ve+ variable for SPS la scenario assuming ^ = 400 GeV and C = 200 fb~^ 
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Figure 7: e^ energy spectra from e+e — > eRtR + crCl production with polarisations Ve 
-0.8, Ve+ variable for SPS la scenario assuming v^ = 400 GeV and C = 200 fb"^ 
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Figure 8: Hadron energy spectra EpOfr^ pUj. and £"3^ of r ^ Sttz/,- decays from the reaction 



^L^R ~^ '^1 '^1 



-r'^Xi ^"X? in SPS la scenario assuming ^/s = 400 GeV and £ = 200 fb~^ 



300 



200 



100 








20 40 60 



80 100 

pion E„ [GeV] 



800 



600 - 



400 - 



200 



p^ -^ TT^TT^ 



r^ 



• 


T*T~E 


^m 


w*w- 


|N\\\1 


XiXt 


1 1 


XiXi 


1 1 


TlTl 



'^ 




r^^^T~BT H--i 



0.2 0.4 0.6 0.8 1 

pi/rho E„/p [GeV] 



Figure 9: Pion energy spectrum .E^ of r — i> vri^^ and ratio z^, = E^/Ep of r ^ pu^. decays from 
the reaction e^e]^ -^ ^i^^i -^ t^Xi t^X? in SPS la scenario assuming y/s = 400 GeV and 
/: = 200fb~^ 
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Figure 10: Mixing angle angle cos2^f versus cross section cxf-^f-^ at y/s 
mSUGRA scenario SPS la 
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